INTRODUCTION
Modern practice suggests that the best practice magnetic modelling approach is constrained modelling, however in practice a modelling approach should be pragmatic and not pedantic as long as the result is satisfactory. In a typical modelling workflow, unconstrained modelling is followed by constrained modelling that incorporates existing geological information. However, in areas where there is a paucity of data, particularly in a greenfields exploration context, constrained modelling may not be possible. In this case study an unconstrained magnetic model was generated and "truthed" using a detailed geological model generated from drillhole data over the Kintyre Uranium deposit. It was noted that the two models complemented one another, providing confidence that the unconstrained model would be sufficiently robust for exploring regionally where drillhole information is scarce.
Location and deposit
The Kintyre Uranium Project is located in the East Pilbara approximately 270 km northeast of Newman, and north of Rudall River National Park (Figure 1 ).
The Kintyre Uranium deposit has a measured and indicated mineral resource estimate of 55 million pounds (100% basis) at an average grade of 0.58%. 
Geology
The Kintyre Uranium deposits are hosted by the Paleoproterozoic Rudall Metamorphic Complex (RMC) within the Paterson Orogen. In the Kintyre area the prospective portion of the RMC, the Yandagooge Formation, outcrops within the Yandagooge Inlier. Regionally the Yandagooge Formation is unconformably overlain by the Mesoproterozoic to Neoproterozoic red bed succession of the lower Yeneena Supergroup and Permian glacial tillites.
The earliest recognised phase of deformation noted in the Paleoproterozoic sequence at Kintyre was the ~1800Ma Yapungku Orogeny which resulted in isoclinal, northwest verging, recumbent folding and limb parallel shearing. Uranium mineralisation at Kintyre is hosted by a garnet-rich, chert-banded, magnetite-bearing biotite schist. The host unit is underlain by a sequence of marbles and intercalated muscovite schist and overlain by biotite schist (Figure 2 ).
SUMMARY
We present a case study whereby unconstrained magnetic modelling accurately defined the altered host lithology of the Kintyre Uranium deposits, verified by detailed geological modelling. The Kintyre Uranium deposits are hosted by a sequence of iron and carbonate rich metapelites, which makes it an ideal target for magnetic prospecting. As part of the resource definition, magnetic modelling and geological modelling were performed over the Kintyre deposit independently. In the process of further refinement of the magnetic model through incorporation of geological constraints it was determined the two models were already highly complementary and further modelling was not warranted, particularly at the resolution of the magnetic data. This case study demonstrates that in some geological environments, unconstrained geophysical models can adequately map stratigraphy & structure for drillhole target generation.
Mineralisation occurs as discrete, high grade pitchblendecarbonate chlorite veins which are developed within dilational voids generated in a reactivated anastomosing crenulation cleavage. The veins occur in northwest striking, northeast dipping arrays with vein density increasing in areas where early ductile shears intersect with NW oriented brittle-ductile faults (Figure 3 ).
Two distinct phases of alteration have been observed within the Kintyre host rocks in association with mineralisation. The premineralisation hydrothermal alteration assemblage comprises fracture controlled, magnetite-carbonate-chlorite replacement veins developed primarily along NE oriented structural breaks within the host unit. The second phase of syn-mineralisation hydrothermal alteration involves strong chlorite-carbonate replacement of the host rock along NW oriented discontinuities parallel to the mineralised veins. This alteration results in discrete corridors of magnetite destruction around the mineralised zones. 
METHOD AND RESULTS

Geological Model
A 3D geological model of the Kintyre corridor was generated to improve understanding of the lithostratigraphic and structural controls on the distribution of mineralisation.
In order to model the structurally complex, poly-deformed Paleoproterozoic basement, a series of 20 m wide RL plans were interpreted (Figure 4) . Each of the interpreted RL plans were scanned and imported into the 3D geological software package, Micromine TM .
The boundaries between each lithological unit were digitised producing a set of strings for each RL plan. These strings and the associated interpreted images were imported into GOCAD TM and, by joining the strings within each fault domain, the lithological boundaries defining each unit were wireframed. The resultant model is shown in Figure 4 . The 3D interpretation demonstrated that the deposits comprising the Kintyre Resource are hosted by a series of thrust stacked isoclinal recumbent folds (Figure 3 ) that plunge at approximately 5 degrees to the southwest. These folds are cross-cut by a series of northwest trending, northeast dipping anastomosing fault zones (Figure 3 and 4) . These faults off-set the folded stratigraphy and, due to the strong stratabound nature of the mineralisation, compartmentalise mineralised zones.
Geophysical Model
Handheld magnetic susceptibility measurements were routinely collected on Kintyre drillcore. This data was gridded in three dimensions to produce a magnetic susceptibility model throughout the Kintyre resource area at 20 m by 20 m by 10 m cell size. Variations of the drillcore magnetic susceptibility correlate with the relative abundance of magnetite alteration that is known to be associated with mineralisation. The drillhole magnetic susceptibility model is presented as threshold values greater than 0.002 SI ( Figure 5 ).
Using this correlation, modelling of the airborne magnetic datasets over the entire Kintyre tenements was completed in order to define other favourable magnetic targets. The inversion was applied to an ultra-high resolution airborne magnetic survey flown at 25 m line spacing and 20 m terrain clearance.
The inversion was completed using Geosoft's VOXI inversion algorithm producing a resultant model with a 10 mby 10 m cell size. The vertical cell size increased exponentially with depth, and topography was incorporated into the modelling. The model was unconstrained and used the standard susceptibility algorithm. A second inversion was performed using Geosoft's magnetic vector inversion (Ellis et al, 2012) algorithm, however the resultant model was spatially near-identical to the susceptibility model, which leads to the interpretation that the magnetic geological bodies have no measurable magnetic remanence. The susceptibilities are approaching values (>0.005SI) where self demagnetisation may occur (Clark, 2014) but these effects were ignored in this study.
The resultant magnetic model correlates well with the indicative magnetic susceptibility values collected on drill core. An isosurface of 0.002 SI extracted from the VOXI model is shown in Figure 5 .
Combining models
An interpreted geological section (NE facing) through the deposit and corresponding magnetic model section is shown in Figure 6 . There is good correlation between the altered uranium host lithologies and the magnetic model. This is further emphasised in a 3D model (Figure 7 ) which shows that the prominent northwest oriented fault sets, correlate with undulations and/or breaks in the magnetic isosurface >0.002 SI.
Although the geological model and magnetic susceptibility data from drilling could be used to further constrain the magnetic model, it appears unnecessary and in the context of expanding the application of the data for regional exploration targeting, constraints are obviously limited to areas of drilling. Not all magnetic anomalies in this model are prospective, and each magnetic body requires further interpretation to prioritise those that have favourable orientation and complexities (i.e. undulations, breaks). However, we believe the unconstrained model provides an effective first pass targeting tool that can be used to identify additional potential for altered host lithologies within the district.
CONCLUSIONS
In this particular case, the unconstrained geophysical model was successful in spatially mapping the host lithology regionally due to:
 the good contrast between magnetic host lithologies and non-magnetic background geological units  shallow magnetic targets (outcropping to 50-100 m depth), and  the acquisition of high resolution airborne magnetic data (25 m line spacing, 20 m flying height). Further work could apply more detailed modelling around the Kintyre deposit and assess the use of constraints using both drillhole magnetic susceptibility and fault surfaces. However such an undertaking would largely be academic, as the results shown here are sufficient from an exploration perspective in identifying favourable host lithologies elsewhere in the Kintyre district. 
